Recent all-sky surveys have led to the discovery of new types of transients. These include stars disrupted by the central supermassive black hole, and supernovae that are 10-100 times more energetic than typical ones. However, the nature of even more energetic transients that apparently occur in the innermost regions of their host galaxies is hotly debated [1] [2][3] . Here we report the discovery of the most energetic of these to date: PS1-10adi, with a total radiated energy of ∼ 2.3 × 10 52 erg. The slow evolution of its light curve and persistently narrow spectral lines over ∼3 yr are inconsistent with known types of recurring black hole variability.
and large quantities of surrounding dense matter. Plausible sources of this expanding material are a star that has been tidally disrupted by the central black hole, or a supernova. Both could satisfy the energy budget. For the former, we would be forced to invoke a new and hitherto unseen variant of a tidally disrupted star, while a supernova origin relies principally on environmental effects resulting from its nuclear location. Remarkably, we also discovered that PS1-10adi is not an isolated case. We therefore surmise that this new population of transients has previously been overlooked due to incorrect association with underlying central black hole activity. Sky Survey (SDSS) J204244.74+153032.1, and was 2 mag brighter at peak in all optical bands than the SDSS data release 7 (DR7) 5 reference magnitudes. Over a period of ∼1,000 d, its light curves evolve slowly and smoothly ( Fig. 1 , Supplementary Fig. 1 ); after this phase the quiescent host galaxy starts to dominate the brightness. The early spectra are dominated by a blue continuum and narrow (900 km s −1 ) Balmer lines, consistent with a redshift z = 0.203 ± 0.001. The shape of the Balmer lines at early epochs is indicative of broadening by electron scattering 6 . Around ∼200 d, the Balmer line profiles show a pronounced asymmetry in the red wing (Fig. 2) . Spectra taken at epochs 3 yr are dominated by the quiescent host, and display signatures of both active galactic nuclei (AGN) and star-forming galaxies (see Methods Fig. 2 ).
The U-to M-band photometry of PS1-10adi are well described by two blackbody components (see Methods). Over ∼1,000 d of monitoring, the hot and warm components evolved from ∼11,000 K to ∼8,000 K, and ∼2,500 K to ∼1,200 K, respectively. The blackbody radius of the hot and warm components peaked at ∼8×10 15 cm and ∼1.3×10 17 cm, respectively. The total blackbody luminosity ( Fig. 3 ) declined slowly and exponentially. Integrating over the blackbody evolution yields a radiated energy of 1.7 × 10 52 erg; however, this is an underestimate given the early ultraviolet (UV) excess (∼20%), and a missing rise-time contribution (∼10%) (see Methods and Supplementary Fig. 3 ). Thus, we infer the total radiated energy to be 2.3 ± 0.5 × 10 52 erg.
Spectroscopically, PS1-10adi bears similarities both to narrow-line Seyfert 1 galaxies 7 and to certain types of supernovae (type IIn) 8 that show signatures of ejecta interacting with dense surroundings. Mg II emission ( Supplementary Fig. 2 ) is commonly observed in both AGN 9 and type IIn supernovae 10 and is therefore not a discriminant.
We first explore whether PS1-10adi could be linked to reprocessed emission from either an AGN or a tidal disruption event (TDE) 11 . We begin by considering AGN variability. AGN typically vary by only a few tenths of a magnitude, and do so stochastically 12 ( Fig. 4) . This cannot account for the smooth 2 mag brightening of PS1-10adi. The increase in the continuum brightness of 'changing look quasars' arises from changes in the accretion rate or line-of-sight extinction 13 ,
and is directly and positively correlated with the emission from the AGN broad-line region. For PS1-10adi, this is not the case ( Fig. 2 AGN luminosity, L, increases due to gas at higher distances being photoionized 15 . However, the observed luminosity increases by approximately a factor of ∼10, which would lead to ∼1,600 km s −1 emission lines from the broad-line region of the PS1-10adi host, that we do not see. To obtain features that are even narrower, by approximately a factor of ∼2 (as observed), would require a luminosity increase by a factor of 100. Additionally, such a luminosity variation is not thought to be accompanied by the appearance of a kinematically distinct component that we do observe.
Furthermore, high-state AGN show a UV excess associated with thermal emission of the accretion disk close to ∼1,500Å, and have a distinctive break in the continuum slope near 5,000Å (ref. 16 ).
No such break is seen in the spectra of PS1-10adi at any epoch, and our UV observations suggest that the spectral energy distribution (SED) peaks at ∼2,500Å. We conclude that known classes of AGN variability cannot account for PS1-10adi. If this is a new type of AGN behaviour, then the underlying physical mechanism remains to be identified, as do the relevant timescales.
Gravitational tidal forces close to a central black hole can shred a star that passes too close to it. Such events are expected to be bright as they are powered by the accretion luminosity of a fraction of the stripped stellar material onto a massive black hole 17 . Compared with PS1-10adi, canonical TDE light curves decline too rapidly (Fig. 3) , but it is conceivable that some TDEs could have slower decline rates. However, the blackbody temperatures of PS1-10adi are lower, and evolve faster than expected for TDEs. More importantly, the optical spectra of TDE candidates are either relatively featureless, or show broad (a FWHM of thousands of km s −1 ) H or He emission lines 18, 19 as expected for material close to a black hole. Reported TDEs have been found primarily in poststarburst galaxies 19 , and do not display signatures indicative of dense ambient material.
Even the transient ASASSN-15lh 2, 3 which has comparable peak brightness, has markedly different spectra and a distinctively different host galaxy.
Based on a phenomenogical reprocessing model 20 (see Methods), we estimate the amount of material required to reprocess radiation from a power source (AGN or TDE). To reproduce the peak luminosity, a shell or layer of ∼9 solar masses (M ⊙ ), and an accretion rate of ∼ 0.2
is required. However, the blackbody radius of PS1-10adi at peak is roughly consistent with the size of a Seyfert broad-line region 14 , 10 −2 − 10 −1 pc, which would give rise to broad emission lines (a FWHM of thousands of km s −1 ), inconsistent with the observations (900 km s −1 ). Furthermore, the source of the red shoulder of the Balmer lines is not clear, and disfavours a purely reprocessing shell without interaction as the source of emission for PS1-10adi.
We now discuss whether the observed characteristics of PS1-10adi could result from the interaction of expanding ejecta with a dense medium. In the classical interaction model, the ejecta crash into dense surrounding material, resulting in an outward-moving forward shock, and a reverse shock that recedes into the ejecta. This results in the efficient conversion of kinetic energy into radiative output 21 , with the narrow emission lines arising from the slow-moving ambient medium.
We interpret the appearance of a red shoulder (Fig. 2) in the Balmer lines as the shock in the expanding ejecta. The absence of such a prominent broad feature in the weak blue wing is suggestive of a non-spherical ejecta geometry, rather than being due to electron scattering. can give rise to narrow emission lines and slow light-curve evolution, as observed in many narrowline supernovae. Passive elliptical galaxies lack this high-density environment. Thus, such events should preferentially occur in the high-pressure environments of active host galaxies. Indeed, even for intrinsic black hole variability, provided a suitable -but as yet unknown -mechanism is found for outflowing material, interaction with the broad-line region clouds could result in narrow-line emission spectra. We conclude that, for both the supernova and TDE cases, interaction with a surrounding medium can account for the observed properties, although some unexplained points remain, especially for the TDE case.
We searched through the PS1 and other transient databases and discovered a population of transients with characteristics that are remarkably similar to those of PS1-10adi (see Supplementary Table 1 and Methods for details of four further candidates). So far, these have mostly been ignored and attributed to normal AGN activity. We propose that they are a distinct, and probably not uncommon, class of transients that have not been recognised as such until now (Fig. 4) . PS1-10adi appears to be the most extreme case when compared with transients such as CSS100217:102913+404220 (hereafter, CSS100217) and PS1-13jw. The former is also spectroscopically similar to PS1-10adi 1 . Intriguingly, all three host galaxies display AGN characteristics and line ratios that suggest ongoing star formation ( Supplementary Fig. 4 ). The Large Synoptic Survey Telescope will discover hundreds of PS1-10adi-like transients, and the exquisite resolution of the Extremely Large Telescope (0.006 ′′ in the J band) will allow the nuclear regions of z = 0.1 galaxies to be probed at the 10 pc scale, opening up systematic studies of this new population of nuclear transients. 
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Optical and near-infrared imaging. Imaging observations were reduced in a standard manner. Nordic Optical Telescope (NOT) observations with ALFOSC were reduced using the quba pipeline 28 , and StanCam data were reduced using basic iraf tasks. Liverpool Telescope (LT) data products of the RATCam and IO:O instruments were automatically processed by the LT pipeline.
LT imaging using the uBVri filters was calibrated directly into the ultraviolet-blue-visual-redinfrared (UBVRI) system. Early imaging was obtained with the PS1 gigapixel camera (GPC1) as part of the 3π survey in PS1 photometric system filters g P1 , r P1 and i P1 (ref. 29 ). The gri calibrated GPC1 magnitudes were converted into BVRI magnitudes using magnitude transformations 30 . The near-infrared (NIR) data from the NOTCam instrument at the NOT were reduced with the exter-nal notcam package (version 2.5) within iraf. Point spread function photometry of the imaging data was carried out using the quba pipeline. We estimated the optical peak epoch, t peak , of PS1-10adi by fitting a third-order polynomial to the observed V-band light curve close to maximum, which yielded a rough t peak estimate of Julian day 2455443. The optical and NIR photometry of PS1-10adi and its host galaxy are reported in Supplementary Tables 2 and 3 .
By around day 1,200 in the observer frame, the evolution of PS1-10adi had plateaued at values consistent with the optical SDSS DR7 reference magnitudes. We consider the tail phase to be dominated by the (quiescent) host galaxy. Therefore, we adopt the observed magnitudes at Space-based observations. UV imaging data of PS1-10adi were obtained with the Swift GammaRay Burst Mission space telescope using the UVOT instrument. The HEASOFT tasks were used to sum the individual exposures and carry out the aperture photometry. The resulting UV photometry is listed in Supplementary Table 4 . Fortuitously, the field of PS1-10adi has been observed at 3.4 µm and 4.6 µm with the postcryogenic Wide-field Infrared Survey Explorer (WISE) space telescope.
We obtained multi-epoch photometry from the ALLWISE and NEOWISE catalogues for PS1-10adi in individual WISE frames, and calculated the weighted average magnitudes in these bands for effective epochs of observations. Bolometric evolution. For the pseudobolometric light curves, the observed magnitudes were corrected for Galactic extinction, converted to fluxes at effective wavelengths and corrected for redshift. Integrating the SED for each epoch yields the bolometric evolution. For epochs where no measurements were available, these were estimated primarily via linear interpolation.
Blackbody approximation. To approximate the blackbody evolution of PS1-10adi, the quiescent host galaxy contribution was subtracted from the observed magnitudes, which were subsequently converted to fluxes following corrections for Galactic extinction and redshift. Two blackbody components were required to explain the SED ( Supplementary Fig. 3 ), and were derived by minimizing the χ 2 value of the fit for each epoch of photometry. During the first 1,000 d of evolution after the optical maximum, both hot and warm blackbody components decrease in temperature (T hot and T warm , respectively), with T hot evolving from ∼11,000 K to ∼8,000 K and T warm from ∼2,500 K to ∼1,200 K. The radius of the hot component, R hot , decreases from ∼6×10 15 cm to ∼1×10 14 cm. The radius of the warm component, R warm , increases from ∼5×10 16 cm to ∼1.3×10 17 cm within ∼200 d and then stays fairly constant. A plausible explanation for this behaviour is that the warm component arises from reprocessed optical radiation by surrounding dust.
The initial value of T warm ≈ 2,500 K is high enough for some dust to be evaporating. With time, R warm reaches a constant radius at ∼200 d coincident with T warm ≈ 2,000 K, suggestive of the NIR emission being dominated by amorphous carbon grains, which have a high evaporation temperature (∼2,000−3,000 K depending on the particle size), in contrast to that of silicate dust (∼1,500 K).
The peak luminosity of PS1-10adi suggests 10 a dust evaporation radius of ∼3 ×10 17 cm, which is consistent with R warm at +200 d. Similar NIR component has been observed, for example, in type IIn SN 2010jl with early T warm ≈2,300 K followed by a decline 31 . Since the line-of-sight extinction of PS1-10adi appears to be low, the dust distribution can be asymmetric/clumpy.
The Swift UV points at +27 d and +80 d lie above the two-component blackbody fit. We estimate that this UV excess contributes an additional ∼20% to the total luminosity. An exponential fit to the IR emission yields a rise time of ∼115 d (similar to the optical rise time of PS1-13jw) and suggests an additional contribution of ∼10% to the total radiated energy of PS1-10adi.
K correction. Due to the lack of high cadence time series of optical and NIR spectra, the K corrections for the host subtracted light curves were derived iteratively from the observed photometry. Each epoch of photometry was fitted with a two-component blackbody as described above, to approximate the underlying SED from optical to NIR. These rest-frame blackbodies were redshifted back to the observer frame and were used to derive the K corrections. The BVRIJHK filter magnitudes were corrected to UBVRIJH. The observed U-band (and UV) magnitudes were not K corrected, since the shape of the SED in the UV region is uncertain. Likewise, the PS1-13jw griz magnitudes were K corrected to ugri and transformed 30 to the Johnson-Cousins system for Fig. 4 .
For CSS100217, the K corrections were taken from the literature 1 , while PS1-10jh, ASASSN-15lh
and other Catalina Real-Time Transient Survey 32 targets were K corrected using −2.5 log 10 (1 + z).
Optical spectroscopy. We acquired a spectroscopic time series (Supplementary Fig. 2 ) of PS1- Optical and NIR observations of PS1-10adi around 1,800 d (observer frame) revealed an episode of slow brightening; we name this event as the '2015 bump'. This light-curve evolution is consistent with the optical variability of narrow-line Seyfert 1 galaxies (Fig. 4) . The unchanging line profiles ( Supplementary Fig. 2) , and the 2.6σ X-ray source at the onset of the 2015 bump, are also in agreement with Seyfert variability. The 2015 bump is probably not connected to the PS1-10adi event.
Radio observations. We retrieved archival data of PS1-10adi targeted by the Karl G. Jansky Very Reprocessing shell. Our first-order approximation for a reprocessing shell is a spherical, standing, optically thick (an optical depth τ ≥ 1) H-rich shell surrounding a supermassive black hole (SMBH) 20 . The SMBH and shell masses can be estimated
and
, where m p is the proton mass, c is the velocity of light, G is the gravitational constant, σ T is the Thomson scattering crosssection, R phot is the photospheric radius and R shell,in is the inner radius of the shell, and we assume R phot /R shell,in ≈ 100. At light-curve peak, assuming R phot ≈ R BB ≈ 8 × 10 15 cm and
, where R BB is the blackbody radius, L Edd is the Eddington lu-minosity and L peak is the peak luminosity, yields M shell ≈ 9 M ⊙ and M SMBH ≈ 6 × 10 6 M ⊙ . This is in reasonable agreement with M SMBH ≈ 10 7 M ⊙ , estimated from the luminosity and FWHM of the Hα and Hβ lines 35 . An accretion efficiency of ǫ = 0.1 would suggest an accretion rate of
, with an increase of a factor of ∼100 compared with the quiescent level to explain the 2 mag light-curve brightening. The R BB at peak is roughly consistent with the size of an AGN broad-line region, and a velocity v ≈ (GM SMBH /R BB ) 1/2 suggests ∼3,000−4,000 km s −1 , inconsistent with the observations (900 km s −1 ). It is also probable that M shell ≪ M BLR in Seyfert galaxies, where M BLR is the mass of the broad-line region. 36 The internal energy of the shell is sufficient to cover the radiated energy, and could radiate up to tens of years 20 .
Additional candidates. We also searched for PS1-10adi-like events from the Catalina Surveys 32 DR2 among the above-mentioned active hosts. Each downloaded light curve was processed by rejecting the brightest and faintest 5% of the data points. The quiescent level Q was defined as the average of the faintest 50% of the remaining data. The brightest point of the remaining data was defined as the peak P . The standard deviation of the remaining data (<20 mag) was defined as the scatter S of the data. Targets with >100 data points, Q < 18.5 mag, S < 0.3 mag, P − Q > 0.5 mag and P − Q > 4 × S were selected for eyeballing. Three potential candidates (Fig. 4) were identified.
Host galaxies. By +1,216 d, PS1-10adi was roughly the same brightness as the (quiescent) host galaxy. We obtained deep 9×120 s exposures of the field in the R band and I band (seeing ∼0.7 ′′ ), and estimate the (point source) 5σ image depth as m R > 23.7 and m I > 23.2 mag. The stacked images reveal neither signs of structure in the host galaxy nor a foreground lensing galaxy (Fig. 4) .
Furthermore, no lower redshift features are apparent in the spectra. This argues against the possibility that PS1-10adi is amplified by a gravitational lensing event 38 .
To other transients in our sample, we used the SDSS DR7 spectra to derive the line ratios. Similar to PS1-10adi, the PS1-13jw and CSS100217 hosts display line ratios that are indicative of ongoing star formation. J094608, and possibly J094806, hosts are potential composite galaxies, whereas the host of J233454 is AGN dominated.
Data availability. The data that support the findings of this study are available from the corresponding author upon reasonable request.
Supplementary Supplementary Figure 1 : Observed multi-colour light curves of PS1-10adi and its host galaxy. Arrows on the right side of the figure show the pre-discovery UBVRI magnitudes of the (quiescent) host galaxy converted 4 from the SDSS DR7 ugri magnitudes. The light curves of PS1-10adi (no host subtraction) appear to have plateaued by day ∼1200 to 1500 to this level. The different symbols show different filters, and some of the light curves are shifted for clarity as indicated in the legend. The 1σ uncertainties are typically smaller than the symbols.
